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CERES Cloud Properties

- CERES cloud parameters constitute an independent climate product (CDR)
- different from the MODIS team products
- different algorithms, channels used, input, droplet/ice models, eftc.
- different philosophy, CERES wants a value for every cloudy pixel
- CC(CERES) < CC(MODIS)
CCR(CERES) > CC(MODIS) =>

- e.g., MODIS cloud optical depth does not represent mean
for all cloudy pixels (overestimate)

- other properties differ (e.g., Waliser et al., 2009)

- except of cloud cover, CERES mean values are near center of GEWEX
intercomparison

- only method to realistically estimate marine StCu heights
- matched with radiation data




CERES Cloud Properties

- CERES clouds suffer from same problems as other methods

- how do we interpret radiances from a real scene using idealized input,
models, etc.

- numerous validation studies have been performed

- CERES algorithms being applied to numerous datasets
- AVHRR cloud climatology being developed
- Kato will make CERES-Ilike ERBE product
- ARM satellite cloud products
- LaRC near-real time analyses of GEOSat data => 30 min — 3-hr data
for global and regional domains
- being assimilated in RUC and Rapis Refresh NWP models
- being tested for GMAO models
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Cloud Parameters in both CERES Edition 2 and Edition 4

Ice eff diameter (3.7 pm) Smooth --> Rough ice crystal ref models
Diameter De - effective radius Re

Visible optical depth (1) Increased limit from 128 to 150
(2) Ozone attenuation correction
(3) Rough models in VISST ice cloud
retrieval yield different optical depths

Liquid and ice water path Rough models in VISST ice cloud
retrieval yield different ice water path

Retrievals over snow/ice Optical depth from 1.6/2.1 um - optical
depth from 1.24 ym




Cloud Parameters in both CERES Edition 2 and Edition 4

cloud top pressure, temp & height (1) New seasonal &
cloud effective pressure, temp & height regional boundary-

cloud base pressure, temp & height layer |6}PSG rate,
(2) New thickness &

physical top
parameterizations

(3) CO2 heights used
when VISST too low

Liquid water droplet
Cloud mask All improved, coding errors fixed
Cloud phase




Cloud Parameters in CERES Edition 2

Cloud Mask, Phase
Optical Depth, IR emissivity
Effective Radius/Diameter
Liquid/Ice Water Path
Cloud Effective Temperature
Cloud Top/ Bottom Pressure
Cloud Effective Pressure
Cloud Eftective Height
Clear-sky Temperature

All data only available in SSF or 1° averages




New Cloud Parameters in CERES Edition 4

New Size Retrievals CO2 Slicing
Water droplet eff radius (1.24 um) Cloud Top Pressure

Ice effective radius (1.24 um) Cloud Top Temperature
Water droplet eff radius (2.1 um) Cloud Top Height
Ice effective radius (2.1 um) IR Emissivity

Multilayer Cloud Retrieval (lce Over Water )

Multilayer Identification

Upper Layer (Ice Clouds) Lower Layer (Water Clouds)

Cloud Top Pressure Cloud Top Pressure

Cloud Top Temperature Cloud Top Temperature
Cloud Top Height Cloud Top Height
Cloud Visible Optical Depth Cloud Visible Optical Depth
|ce Effective Radius (3.7 um) Water Droplet Radius (3.7 um)
Ice Effective Radius (2.1 um) Water Droplet Radius (2.1 um)

All data only available in SSF, 1° averages, & at pixel level




Edition 4 Delivered in May

(1) Implemented Terra calibrations for 7 MODIS bands (0.6, 0.87,1.24, 2.13,
0.47, 0.55 and 1.38 um) for radiances & reflectance

(2) Due to above (1) calibration changes, snow-free and snow-covered
directional models for 1.24 ym were re-created

(3) Due to above (1) calibration changes, monthly start-up maps for snow-free
and snow-covered for 0.6, 1.24 and 2.13 ym were re-generated

(4) Modified cloud phase algorithm to recover missing supercooled clouds
(5) Improved cloud mask retrieval over polar regions (?)

(6) Improved final mask (combined cloud mask, VISST retrieval and CO2
slicing retrievals) to remove false clouds, likely to be aerosols

(7) Removed fill-no-retrieval process (fill with LBTM or neighboring avg value, if
no-retrieval) for 1.24 & 2.1-um size retrievals

(8) Corrected faulty upper-layer cloud optical depths for multi-layered clouds

(9) Implemented new default for SIST (night time retrieval) particle size pegging
issues, that is we hit the largest or smallest value of Re/re

(10) Jin’s visible clear sky ocean TOA reflectance model used std atmosphere.

Clouds subsystem calculated clear ocean reflectance with water vapor & ozone
absorption using MOA profiles. Added modifications to ensure consistency.




Edition 4 First Results September 19

» 2000 - 2001 Terra results

- subject of this presentation




Total Daytime Cloud Fraction: CERES Ed 2 versus Ed 4
Winter 2000/2001

* Increased cloud amounts everywhere
except Brazil, Arctic lands

 Trade Cu and dry high altitude
greatest increases

* Polar line still evident at 50°N
- not as prominent




Total Night Cloud Fraction: CERES Ed 2 versus Ed 4
Winter 2000/2001

* Increased cloud amounts nearly
everywhere

» Trade Cu and polar regions greatest

* Polar line more evident at 50°N




Total Cloud Fraction: CERES Ed 2 versus Ed 4
Winter 2000/2001

* Increased cloud amounts nearly
everywhere

- Trade Cu and dry high altitude
greatest increases
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Antarctic ice sheet in austral spring
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Daytime over land looks good except perhaps near
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Z.onal Cloud Fraction
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Liquid Cloud Fraction Difference: CERES Ed 2 minus Ed 4
Winter 2000/2001

* Increased liquid cloud amounts nearly
everywhere during day & night

 Greatest during day in highlands

- Greatest at night over mid-high
latitudes




Ice Cloud Fraction Difference: CERES Ed 2 minus Ed 4
Winter 2000/2001

* Increased cloud amounts only in
ITCZ, polar land, & some high altitude

* Increase in liquid over mid-lat ocean
mainly at the expense of ice clouds

« Arctic night & Siberia see greatest
increases




Ed 2 Zonal Cloud Top Height Difference (km) vs Cloud Altitude
April 2007
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CERES effective heights consistent with other studies
- low clouds + 0.5 km over ocean, slightly greater over land
- high clouds typically > 2 km underestimate




Daytime Ed 4 Boundary Lapse Rates from CALIPSO/MODIS

Spring (MAM) Lapse Rate km/K), Ocean Snow Free DEVAN Summer (JJA)




Daytime Ed 4 Boundary Lapse Rates from CALIPSO/MODIS
Lapse Rate (km/K) Land (Snow Free) Day Time

* Replaced a constant 7.1 K/ km lapse rate for Ed2
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Total Daytime Low Cloud Height: Ed 2 versus Ed 4
Summer 2000/2001

* Increased heights over marine stratus
and some land areas

« Slight decreases in many areas




Total Daytime High Cloud Height: Ed 2 versus Ed 4
Summer 2000/2001

* Increased heights nearly everywhere

- Change in ice model and use of CO2-
slicing method mainly responsible for
increased heights
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Daytime Liquid Cloud Optical Depth: Ed 2 versus Ed 4
Summer 2000/2001

* Increased cloud amounts over tropics
mostly optically thin clouds => t drops

- Mid-latitude clouds formerly ice
increase t




Daytime Ice Cloud Optical Depth: Ed 2 versus Ed 4
Summer 2000/2001

* Increase in limit from 128 to 150, <t
rises in deep convective areas

 Mid-latitude clouds formerly ice
decrease t

* Arctic increases due to 1.24-um

o Difference

I




Seasonal Cycle of 3.7-um Ed4 Droplet Re (um)
Terra 2000/2001




Mean Droplet 3.7-um Re Difference: Ed2 — Ed4

Terra April 2001

* Increases over land due to phase changes & 1.24-um snow OD retrieval
- General Terra increase of 0.5 — 1.5 ym from 3.7-um calibration change

 Decrease in Aqua over ocean from phase change and pickup of tradeCu
- some dust effects?




Spectral Ed4 Droplet Re (um)
Winter 2001, t > 2

“Me@ - for rincreasing with height in cloud,
R r(1.2) <r2.1) <1 3.7)

ratios




Mean Spectral Ed4 Droplet Re (um)
Summer 2001, T > 2

« greater variability in 1.2 ratio than in
2.1 ratio => is either one an indicator
of drizzle or adiabaticity?

ratios
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Spectral Ed4 Ice Crystal Re (um)
Summer 2001, t > 2

« greater variability in 1.2 ratio than in

2.1 ratio, for typical cirrus,
Re(2.1) > Re(8.7), but R(1.2)?




Histogram of Water Droplet Radius (re) for Tau > 2
Spring (MAM), Over Ocean, Terra-MODIS 200009 -200108
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Histogram of Water Droplet Radius (re) for Tau > 2
Summer (JJA), Over Ocean, Terra-MODIS 200009 -200108
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Histogram of Water Droplet Radius (re) for Tau > 2
Fall (SON), Over Ocean, Terra-MODIS 200009 -200108

[

0.175

0.15 —

0.125—

0.1—

0.075 —

0.05 —

0.025 —

— re (3.7 um) -
— re (2.1 um)
— re (1.24 um)

14.4 + 5.0 ym
153+58 |
15.0 + 6.7 -

0.125

4 8 12 16 20 24 28 32
Water Droplet Radius (um)

I ———— = al]

Histogram of Ice Effective Radius (Re) for Tau > 2
Fall (SON), Over Ocean, Terra-MODIS 200009 -200108

0.1—

0075

0.05

0.025

O

T } T I T | T | T | T ‘ T | T | T | T ‘ T | T | T | T ‘ T I T

— Re (3.7 um) B
— Re (2.1 um)
—— Re (1.24 um) —

+ 13 um -
40.7 +13
17

Lo b b b b b b

1 1 | s s s
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

Ice Effective Radius (um)

0.2

Histogram of Water Droplet Radius (re) for Tau > 2
Fall (SON), Over Land, Terra-MODIS 200009 -200108

0.175 —

0.15 —

0.125—

0.1

0.075 —

0.05 —

0.025—

— re (3.7 um)
— re (2.1 um)
—— re (1.24 um) 7

11.5+4.4um
125+54 ]
122 +7.3

0.05

4 8 12 16 20 24 28 32
Water Droplet Radius (um)

Histogram of Ice Effective Radius (Re) for Tau > 2
Fall (SON), Over Land, Terra-MODIS 200009 -200108

0.04 —

0.03 —

0.02 —

0.01—

T | T ‘ T | T I T | T | T } T | T ‘ T | T I T | T | T ‘ T | T I T

— Re (3.7 um) .
— Re (2.1um)
—— Re (1.24 um) —

30.8 + 13 um
37.8+15
39.6+19 |

1 1 k

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

Ice Effective Radius (um)




0.2

Histogram of Water Droplet Radius (re) for Tau > 2
Winter (DJF), Over Ocean, Terra-MODIS 200009 -200108
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Ratios of Effective Droplet Re:
Summer 2000/2001

re (3.7/2.1), Spring

re (3.7/1.24), Spring
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re (3.7 /1.24), Summer
re (3.7/2.1), Fall

re (3.7/1.24), Fall

re (3.7/2.1), Winter
re (3.7/1.24), Winter

Ed 4

re (3.7/2.1), Spring

re (3.7/1.24), Spring
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Daytime Cloud Liquid Water Path: Ed 2 versus Ed 4
Summer 2000/2001

* Increases mostly follow T increases
- particularly in Arctic

* Decrease in southern midlatitudes
due to drop in T because of ozone

* Increase southern subtropics due to
inclusion of former ice clouds

Difference




Daytime Cloud Ice Water Path: Ed 2 versus Ed 4
Summer 2000/2001

* Increases mostly follow T increases

* Tropical decreases in Re enhance
drop in IWP

* Arctic increases due to 1.24-um <t

Difference




Daytime Multilayered Cloud Amounts & Heights
Summer 2000/2001




Daytime Multilayered Particle Size & Optical Depth
Summer 2000/2001




Bad News

- Ed4 was delivered too soon without thoroughly checking polar clouds
- focused on 2008
- discontinuity line returned
- small in daytime
- significant at night
- cloud fractions at night too high over polar regions
- in some cases > CALIPSO

- Ed4a delivery proposed (Pre-Thanksgiving)

- address discontinuity & source of overestimation
- BTD3.7-11 noise

- T13.7 calibration
- use of nonpolar mask for nonpermanent snow?

- use data from early, mid, and late years




Aqua Mask & BTD, Jan 15, 2003, Siberia

X l.mcaée;..rﬁ.a;k:E.df%_\M.l_Qing.net ® M O x| pl CERES_Cloud_Mask  [0.00 1.00] [0.00 1.00] } ™ (X p3 BTemp[3.7-11um] [0.00 1.00] [-9.27 38.49]

Fle Execute Windows Connection  Options Help File  Execute Windows  Connec Help | File  Execute  Windows  Connection  Options Help

[36.28, 87.40] o [-165.85, 71.32]

R 6.6 um, G: 2.1 um, B: 3.7 — 11 um

[96.09, 35.30] [120.70, 31.73]

+ Some noise, BTD near 0.3 for clear region




File

Connection

X! Image: ed4.home.net
Execute  Windows

Options

File

Connection

X! p3 CERES_Cloud_Mask
Execute  Windows

Options Help

[«

File

Connection

X! p4 BTemp0375 - BTemp1C
Execute  Windows

Options Help

File

Connection

X| p2 BTemp1080
Execute  Windows

Options

[220.32

Help

Terra Mask & Temperatures before Calibration, Dec 15, 2001, Siberia

File

Connection

X! pl BTemp0375
Execute  Windows

Options

[220.32

Help

[75.

28, 62.12]




Terra Mask & Temperatures after Calibration, Dec 15, 2001, Siberia

X! Image: ed4.home.net
File  Execute Windows

Connection  Options

X! p3 CERES_Cloud_Mask

File  Execute Windows

Connection  Options Help

B

® O O x| p4 BTemp0375 - BTemplC

File  Execute Windows

Connection  Options Help

X! p2 BTemp1080
File  Execute  Windows

Connection  Options

[210.42

Help

X! pl BTemp0375
File  Execute  Windows

Connection  Options

[210.42

Help




Ed4 Cloud Properties on SSF

* All Ed2 parameters

- SSF-79, 79a: CWG Tskin, CWG PW

« SSF-944a, b: Cloud top temperature, height

- SSF 102a: Mean cloud base temperature

- SSF 108-110: re(1.6), Re(1.6), log[tau(1.6)]

- SSF 110a-c: re(2.1), Re(2.1), log[tau(2.1)]

- SSF 111: CO2 layer coverage

- SSF 111a-c: emissivity, pc, Tc for CO2

- SSF 112: CO2 Zc

- SSF 114a-I: multilayer, single-layer properties (n x 4)

coverage, OD, log(OD), emissivity, pt, Tt, Zt
Rere(3.7), re(3.7), Re(3.7)
Rere(2.1), re(2.1), Re(2.1)




Future Plans

* Re-deliver Ed4a

« Continue preparation of code for NPP
- look at other multilayer techniques
- examine impact of losing CO2 and WV channels
- develop cloud absorptance/reflectance models for 2.25 ym channel

* Monitor quality of Ed4a results
* Pursue validation of Ed4a results
« Document Ed4a algorithms & initial results

« Continue retrieval research




